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Claim 



1 . Elecirophotographic photosensitive material characterized by having a layer containing 



a styrylbenzoxazole or styrylbenzothiazole compound represented by the general formula shown 
below: 

General formula: 



in the formula, R| and R2 represent (un)substituted alkyl groups, aryl groups, aralkyl 
groups or heterocyclics group; R| and R2 may be the same or different; Ri and R2 may form a 
ring; R3, R4 and R5 represent (un)subsiituted alkyl groups, aryl groups, aralkyl groups or 
heterocyclic groups; R3, R4 and R5 may be the same or different; R^ represents a hydrogen atom, 
alkyl group, alkoxy group, halogen atom or niiro group; R7 represents a hydrogen atom, 
(un)subsiiiuied alkyl group, aryl group, aralkyl group or heterocyclic group; Ar represents an 
(un)subsiituted aryl group or heterocyclic group; R7 and Ar together may form a ring; X 
represents an oxygen atom or sulfur aiom; n represents a whole number of 0 or !• 

Detailed explanation of the invention 
Industrial application field 

The present invention concerns electrophotographic photosensitive materials, more 
specifically concerns electrophotographic photosensitive materials having lo>y-molecular- weight 
organic photoconductors imparting improved electrophotographic properties. 



Conventionally, photoconduciive substances used in electrophotographic photosensitive 
maieriah are inorganic photoconductors such as selenium, cadmium sulfide, zinc oxide, etc. 
These phoioconductive materials have many advantages such as chargeabiiity to a suitable 
potential in the dark, slight dissipation of charge in the dark, and rapid charge dissipation by light 
irradiation. On the other hand, they also have various drawbacks. For example, in selenium 
photosensitive materials, crystallization proceeds readily under the influence of factors such as 
temperaiure, humidity, pressure, etc., and crystallization is especially significant at ambient 
temperatures exceeding 40°C, resuhing in reduced chargeabiiity and white spots on images. With 
cadmium sulfide photosensitive materials, stable sensitivity cannot be obtained in humid 
conditions, and with zinc oxide photosensitive materials, sensitization by sensitizing dyes, 



Ha VU 




Prior art 



typically Rose Bengal is necessary. Such sensitizing dyes cause charge decay by corona 
discharge and photofading by exposure to light, thus images with long-term stability cannot be 
obtained. 

On the other hand, various organic photoconductive polymers have been proposed, the 
first of which was polyvinylcarbazole. Compared with the inorganic photoconductive materials 
described above, such polymers have excellent film forming properties and are light weight. 
However, as of today, their practical application is difficult, because their film forming 
properties are not sufficient and they are inferior in sensitivity, durability and stability to 
environmental changes to compared inorganic photoconductive materials. 
Low-molecular- weight organic phoioconductors have been proposed such as the hydrazone 
compounds described in US Patent No. 4150987, etc.; triarylpyrazoline compounds disclosed in 
US Patent No. 3837851, etc.; 9-styrylanthracene compounds described in Japanese Kokai Patent 
Application Nos. Sho 51[1976]-94828, Sho 51[1976]-94829, etc. With appropriate selection of 
binders, for such low-molecular- weight organic photoconductors, drawbacks in film forming 
properties that have been problems in the field of organic photoconductive polymers have been 
overcome, but the sensitivity is not sufficient. • 

Recently, a laminated structure with function separation of the photosensitive layer into a 
charge generation layer and a charge transport layer has been proposed. The electrophotographic 
photosensitive material with such laminate structure as the photosensitive layer have been 
enhanced in sensitivity to visible light, charge retention, surface strength, etc. i 

Such electrophotographic photosensitive materials have been described in, e.g., US 
Patent Nos. 3837851, 3871882, etc. 

However, electrophotographic photosensitive materials using conventional 
low-molecular- weight organic phoioconductors in the charge transport layer are not sufficient in 
sensitivity, and with repealed charging and exposure, improvement of variation of light potential 
and dark potential is highly desirable. 

Problems to be solved by the invention 

Jt is an object of the present invention to provide electrophotographic photosensitive 
materials free from such drawbacks and disadvantages, novel electrophotographic photosensitive 
materials and also novel charge transport materials used in a laminated photosensitive layer with 
function separation into a charge generation layer and a charge transport layer.' 
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Means lo solve the problems and action 

The present invention concerns an electrophotographic photosensitive material 



characterized by having a layer containing a styrylbenzoxazole or styrylbenzothiazole compound 
represented by the general formula shown below: 

General formula: 



in the formula, Ri and R2 represent (un)substituted alkyl groups, aryl groups, aralkyl 
groups or heterocyclic groups; Ri and R2 may be the same or different; Ri and R2 may form a 
ring; R3, R4 and R5 represent {un)substituted alkyl groups, aryl groups, aralkyl groups or 



alkyl group, alkoxy group, halogen atom or nitre group; R7 represents hydrogen atom, 
(un)substituted alkyl group, aryl group, aralkyl group or heterocyclic group; Ar represents an 
(un)substituted aryl group or heterocyclic group; R7 and Ar together may form a ring; X 
represents an oxygen atom or sulfur atom; n represents a whole number of 0 or 1. 

Specifically, Rj and R2 may be methyl, ethyl, propyl, butyl, phenyl, naphthyl, benzyl, 
phenethyl, naphthylmethyl, furyl, thionyl, benzothionyl, pyridyl, quinolyl, etc. The substituents 
described above may be halogen atoms such as fluorine, chlorine, bromine, iodine; alkyl groups 
such as methyl, ethyl, propyl, butyl, etc.; alkoxy groups such as methoxy, ethoxy, propoxy, 
phenoxy, etc.; the nilro group, cyano group, substituted amino groups such as -morpholino, 
piperidino, etc. 

R] and R2 together with a substituting nitrogen atom may form a 5- to 7-membered ring. 

R3, R4 and R5 may be groups such as methyl, ethyl, propyl, butyl, phenyl, naphthyl, 
benzyl, phenethyl, naphihylmeihyl, furyl, thionyl, benzoihionyl, pyridyl, quinblyl, etc. 
Substituents may be halogen aioms such as fluorine, chlorine, bromine, iodine; alkyl groups such 
as methyl, ethyl, propyl, butyl, etc.; alkoxy groups such as methoxy, ethoxy, propoxy, phenoxy, 
etc.; the nitro group, cyano group, substituted amino groups such as morpholino, piperidino, etc. 

Re may be methyl, ethyl, propyl, butyl, methoxy, ethoxy, propoxy, phenoxy, fluorine, 
chlorine, bromine, iodine, etc. 

R7 may be ethyl, propyl, butyl, phenyl, naphthyl, benzyl, phenethyl, najDhthylmeihyl, 
furyl, thionyl, benzoihionyl, pyridyl, quinolyl, etc. Substituents may be halogen atoms such as 
fluorine, chlorine, bromine, iodine; alkyl groups such as methyl, ethyl, propyl, butyl, etc.; alkoxy 
groups such as methoxy, ethoxy, propoxy, phenoxy, eic; the nitro group, cyano group, 
substituted amino groups such as morpholino, piperidino, etc. 




heterocyclic groups; R3, R4 and R5 may be the same or different; R^ represents a hydrogen atom, 
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Ar may be phenyl, naphihyl, pyridyl, quinolyl, etc. Subsiituents may be halogen atoms 
such as fluorine, chlorine, bromine, iodine; aJkyl groups such as methyl, ethyl, propyl, butyl, etc.; 
alkoxy groups such as methoxy, ethoxy, propoxy, phenoxy, etc.; the nitro group, cyano group, 
substituted amino groups such as morpholino, piperidino, etc. 

R7 and Ar together with a bonding carbon atom may form a 5- to 7-membered ring. 

Typical examples of the above styrylbenzoxazole and styrylbenzothiazole compounds 
represented by the general formula are given below. 

Compound Example (1) 




Compound Example (2) 




Compound Example (3) 




Compound Example (4) 




Compound Example (5) 




Compound Example (6) 




Compound Example (7) 
Compound Example (8) 

Compou nd Ex ample (9) 
Compound Example (10) 



Compound Example (11) 



Compound Example (12) 

,CH-C 



Compound Example (13) 



Compound ExampJe (J 4) 



Compound Example (i5) 



Compound ExampJe (16) 
Compound Example (17) 



Compound Example (J8) 



Compound Example (19) 
Compound Example (20) 




Compound ExampJe (21) 
Compound Example (22) 

Compound Example (23) 
Compound ExampJe (24) 
Compound Example (25) 

Compound Example (26) 



Compound ExampJe (27) 



Compound Exampie (28) 



Compound ExampJe (29) 
Compound Example (30) 



Compound Example (31) 
Compound Example (32) 
Compound Example (33) 
Compound Example (34) 
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Compound Example (35) 



(BjOxHC \ 



Compound Example (36) 

For synthesis of the above Compound Example (1), an acid chloride was obtained from 
p-niirobenzoic acid using thionyl chloride, followed by reaction with o-hydroxy-p-methylanillne 
to obtain an amide compound, reduction of the nitro group by iron chloride to an amine, 
dehydrative cyclizalion using polyphosphoric acid to a benzoxazole compound, UUman reaction 
for diphenylaiion of the amine, oxidation of luelhyl group to an aldehyde then Wittig reaction 
with benzhydrobromide Wittig reagent to obtain the desired compound in 9.4% yield. 



Compoujnd Example (] ): C39H28ON2 



c 


8 6 


. 6 


4 


8 8 . 


6 




H 


5 


. 2 


2 


S . 


2 


A 


H 


5 


*, 1 


8 


5 . 


I 


5 



Key: 1 Elemental analysis 

2 Calculated (%) 

3 Found (%) 

In preferred examples of the present ir.N ention, such styrylbenzoxazole or 
styrylbenzoihiazole compounds represented by the general formula can be used for the charge 
transport maierial in ihe electrophotographic nhoiosensiiive materials with a photosensitive layer 
with function separation into a charge generaijon layer and charge transport layer. 

Preferably, the charge transport layer of ihe present invention is formed by dissolving a 
styrylbenzoxazole or siyrylbenzothiazole compound represenied by the general formula and a 
binder in an appropriate solvent, coaling the K-suliing solution and drying. The binders used may 
be, e.g., polyacrylaies, polysulfones, polyamides, acrylic resins, acrylonitrile resins, methacrylic 
resins, vinyl chloride resins, vinyl acetate resir.s, phenolic resins, epoxy resins, polyesters, alkyd 
resins, polycarbonates, polyureihanes, copolvjrjers of iwo or more lepeaiing units in the above 
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resins, e.g., styrene-butadiene copolymer, styrene-acryloniirile copolymer, styrene-maleic acid 
copolymer, etc. Beside such dielectric polymers, organic phoioconduciive polymers such as 
polyvinylcarbazole, polyvinylanthracene, polyvinylpyrene, etc. may also be used. 

The compounding ratio of such binders and the above siyrylbenzoxazole or 
styrylbenzolhiazole compound is preferably 10-500 parts by weight of styrylbenzoxazole or 
styrylbenzothiazole compound to 1 00 parts by weight of binder. 

The charge transport layer is elecirically connected to the charge generation layer 
described later and receives charge carriers injected from the charge generation layer in the 
presence of an electric field and is capable of transporting the charge carriers to the surface. The 
charge transport layer may be laminated on the lop of the charge transport layer or laminated on 
the bottom of the charge transport layer. However, lamination of the charge transport layer on 
top of the charge generation layer is desirable. The charge transport layer has a limit in 
transporting charge carriers, and its thickness is generally 5-30 jim, preferably 15-25 ^im. 

The organic solvents used in forming such charge transport layer may vary according to 
the type of binders used and are selected preferably from those that do not dissolve the charge 
transport layer and undercoating. 

Specific organic solvents include alcohols such as methanol, ethanol, isopropanol, etc.; 
ketones such as acetone, methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone, etc.; 
amides such as N,N-dimelhylformamide, N JJ-dimethylacetamide, etc.; sulfoxides such as 
dimethyl sulfoxide, etc.; ethers such as tetrahydrofuran, dioxane, ethylene glycol monomethyl 
ether, etc.; esters such as methyl acetate, ethyl acetate, etc.; halogenated hydrocarbons such as 
chloroform, methylene chloride, dichloroethylene, carbon tetrachloride, trichloroethylene, etc.; 
aromaiics such as benzene, toluene, xylene, monochlorobenzene, dichlorobenzene, etc. 

Coaling may be done by dip coating, spray coating, spinner coating, bead coating, Meyer 
bar coating, blade coating, roll coating, curtain coating, etc. 

Preferably, drying is done at room temperature until tack free followed by heat drying. 
Heat drying is done at 30-200°C for 5 min to 2 h in a stationary state or an air flow. 

In the present invention, the charge transport layer may contain various additives. The 
additives may be biphenyl, diphenyl chloride, o-terphenyl, p-ierphenyl, dibutyl phthalate, 
dimeihylene glycol phthalate, dioctyl phthalate, triphenyl phosphate, meihylnaphthalene, 
benzophenone, chlorinated paraffin, dilauryl ihiopropionaie, 3,5-dinitrosalicylic acid, various 
fiuorocarbons. 

The charge generation layer of the present invention may be a vapor deposition layer or 
resin dispersed layer of organic charge generation materials chosen fiom inorganic charge 
generation materials such as selenium, selenium-tellurium, amorphous silicon, etc., cationic dyes 
such as pyrylium dyes, thiapyryiium dyes, azulenium dyes, thiacyanine dyes, quinocyanine dyes. 
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etc., phthalocyanine pigments, polynuclear quinine pigments such as anthoanlhrone pigments, 
dibenzopyrenequinone pigments, pyranthrone pigments, etc.; indigo pigments, quinacridone 
pigments, azo pigments, etc. 

Of the charge generation materials used in the present invention, azo pigments are very 
diverse, and specifying the structure is difficult. Structures of azo pigments of especially high 
effects are described in detail. 

Azo pigments have a general formula A-(N=N-Cp)n, with A being the central skeleton, 
Cp the coupler portion and n = 2 or 3. 

Typical examples of A 

R B . 

A-1 (R = hydrogen atom, chlorine atom, meihoxy group) 

A-2 R (R = hydrogen atom, cyano group) 



^■^^f^-^ (R = ] 



A-4 ^ Jf (R = hydrogen atom, methyl group, chlorine atom; X = oxygen 

atom, sulfur atom) 

A-5 (R = hydrogen atom, methyl group, chlorine atom; X = oxygen 

atom, sulfur atom) > 

A-6 «> (Ri and R2 = hydrogen atom, methyl group, chlorine aiom, etc.; 

R3 = hydrogen atom, methyl group, phenyl group) 

A.7 ^ 

-<oV<* j[6r-^ "^-^ 

A-8 . ^"S^N-^ '^M/^^ = oxygen aiom, sulfur atom) 

X 

>-CH«CH-<5)- 

A'9 ^ (X = oxygen aiom, sulfur atom) 

K - K 

A-10 ^ X w (X = oxvgen atom, sulfur atom) 

t 
If 

A-1 1 (R = hydrogen aiom, methyl group) 

A.12 "^"^^^^^ (X = -CH, oxygen atom, sulfur atom, -SO) 
0 

A-13 "^i^ 
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A-M (X = oxygen atom, sulfur atom) 

H-N n-ii 

A- 1 6 "^^x"' '^x'^"^^ (X = oxygen atom, sulfur atom) 



A-17 " (R = hydrogen atom, methyl group, phenyl group, etc.) 



A-18 -(2)'^"''''''*^"'^)~ 



A-19 

A-20 "^2/* - hydrogen atom, methyl group, NO group) 



Typical examples of the above Cp 

Cp-l ^ ' (R = hydrogen atom, chlorine atom, methoxy group) 

BO CONHS 

Cp-2 >2/ (R = methyl group, ethyl group, propyl group) 

RO CONHK-CH-B 

-@ 

Cp-3 ® {R = methyl group (R* = hydrogen atom, chlorine atom, methyl 

group, methoxy group)) 

HO 
CO 

Cp-4 ^ (R = hydrogen atom, chlorine aiom, methoxy group) 

0 V 0 



<2H 

Cp-5 "or 0 (R = eihy] group, phenyl group) 

<5>| 



Cp.6 '^•^ or 




HO CGKH- 
cS Hi 



Cp-7 (Ri = hydrogen aiom, chlorine aiom, nitro group, ethyl group, 

methoxy group; Rj = hydrogen atom, chlorine aiom, fluorine atom) 
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HO 




covn 



Cp-8 



(R = hydrogen atom, chlorine atom, ethyl group, methoxy group. 



nitre group, etc.) 



Of these, the central skeleton A and coupler Cp are combined as desired to form azo 
pigments for charge generation materials. 

The charge generation layer may be formed by dispersing the above charge generation 
material in an appropriate binder then ccaiing on a substrate or by forming a vapor deposition 
film using a vacuum deposition device. 

The binders used in forming the charge generation layer by coaling may be selected from, 
wide-ranging dielectric materials or selected from organic photoconduciive polymers such as 
poly-N-vinylcarbazole, polyvinylanthracene, polyvinylpyrene, etc. Preferred are dielectric resins 
such as polyvinylbutyral, polyarylates (bisphenol A-phthalic acid condensation polymers, etc.), 
polycarbonates, polyesters, phenoxy resins, polyvinyl acetate, acrylic resins, polyacrylamide, 
polyamides, polyvinylpyridine, cellulose resins, urethane resins, casein, polyvinyl alcohol, 
polyvinylpyrrolidone, etc. The resin content in the charge generation layers is less than 80 wt%. 
preferably less than 40 wt%. 

Organic solvents used in the coating may be alcohols such as methanol, ethanol, 
isopropanol, etc.; ketones such as acetone, methyl ethyl ketone, cyclohexanone, etc.; amides such 
as N,N-dimeihylformamide, N,N-dimeihylaceiamide, etc.; sulfoxides such as dimethyl 
sulfoxides, etc.; ethers such as tetrahydrofuran, dioxane, ethylene glycol monomethyl ether, etc.; 
esters such as methyl acetate, ethyl acetate, etc.; aliphatic halogenaied hydrocarbons such as 
chloroform, methylene chloride, dichloroeihylene, carbon tetrachloride, trichloroethylene, etc.; 
aromatics such as benzene, toluene, xylene, ligroin, monochlorobenzene, dichlorobenzene, etc. 

Coating may be done by dip coating, spray coating, spinner coating, bead coating, Meyer 
bar coaling, blade coating, roll coaling, curtain coating, etc. 

The charge generation layer should have the highest possible amount of organic 
photoconductors for obtaining sufficieni absorbance, and to shonen the charge carrier path, the 
film thickness should be less than 5 jim, preferably 0.01-1 pm. This is for absorption of the most 
incident light in the charge generation layer for large charge carrier generation and injecting the 
generated charge carriers into the charge transport layer without loss of the charge carriers by 
recombinaiion or trapping. 

The photosensitive layer of the li^minate siruciure comprising a charge generation layer 
and charge transport layer is installed on a conductive support. The conductive support may be 
those having electric conductivity themselves, e.g., aluminum, aluminum alloys, copper, zinc. 
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stainless steel, vanadium, molybdenum, chromium, titanium, nickel, indium, gold, platinum, etc.; 
plastics (e.g., polyethylene, polypropylene, polyvinyl chloride, polyethylene terephthalaie, 
acrylic resins, polyethylene fluoride, etc.) having a vacuum deposition layer of aluminum, 
aluminum alloys, indium oxide, tin oxide, indium oxide-tin oxide alloys, etc.; support obtained 
by coaling plastics or the above conductive supports with a mixture of conductive particles (e.g., 
aluminum powder, titanium oxide, tin oxide, zinc oxide, carbon black, silver. particles, etc.) and a 
binder; support obtained by impregnating conductive particles into plastics or paper, plastics 
containing conductive particles. 

A subbing layer having barrier and adhesive functions may be installed between the 
conductive support and photosensitive layer. 

The subbing layer may be formed from polyvinyl alcohol, nitrocellulose, ethylene-acrylic 
acid copolymer, polyamides (nylon 6, nylon 66, nylon 610, copolymerized nylons, 
alkoxymeihylated nylon, etc.), polyurethanes, gelatin, aluminum oxide, etc. • 

The subbing layer should have a thickness of 0.1-5 fim, preferably 0.5-3 ^im. 

I 

In ihe case of photosensitive materials laminated in the order of conductive support, 
charge generation layer and charge transport layer, the styrylbenzoxazole or styrylbenzothiazole 
compounds represented by the general formula used in the present invention transport via 
positive holes, thus it is necessary to charge the charge transport layer negative. With exposure 
after charging, at the exposed part, positive holes generated in the charge generation layer are 
injected into the charge transport layer, and as they reach the surface, the negative charge is 
neutralized, causing attenuation of the surface potential, resulting in electrostatic contrast from 
the unexposed part. For development, it is necessary to use a positive charge type toner. 

In other examples of the present invention, the azo pigments described above and 
phoioconduciive pigments and dyes such as pyrylium dyes, ihiapyrylium dyes, selenapyrylium 
dyes, benzopyrylium dyes, benzothiapyrylium dyes, naphthopyrylium dyes, etc. disclosed in 
US Paieni Nos. 3554745, 3567438, 3586500, etc., may be used as sensitizers.: 

In other examples, eutectic complexes of pyrylium dyes and alkylidenediarylene 
pan-containing dielectric polymers disclosed in US Patent No. 3684502 may be used as 
sensitizers. Such eutectic complexes can be obtained, e.g., by dissolving 
4-[4-bis(2-chloroeihyl)aminophenyl]-2,6-diphenylthiapyrylium perchlorate and 
po]y(4,4'-isopropylidenedipheny]ene carbonate) in a halogenated hydrocarbon 'solvent (e.g., 
dichloromeihane, chloroform, carbon tetrachloride, 1,1-dichloroeihane, ] ,2-dichloroethane, 
],L2-trichJoroeihane, chlorobenzene, bromobenzene, L2-dichlorobenzene, etc.) then treating 
with a nonpolar solvent (e.g., hexane, octane, decane, 2,2,4-irimeihyjbenzene, ligroin) to obtain a 
paniculate euieciic complex. 
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The electrophotographic photosensitive material in the examples may contain binders 
such as styrene-butadiene copolymer, silicone resin, vinyl resin, vinylidene chloride-acrylonitrile 
copolymer, vinyl acetate-vinyl chloride copolymer, polyvinylbutyral, polymethyl methacrylate, 
poly n-butyl methacrylate, polyesters, cellulose acetate, etc. 

The electrophotographic photosensitive materials may be used not only in 
electrophotographic copiers, but also in a wide range of applications in the area of 
electrophotographic applications such as laser printers, CRT primers, electrophotographic plate 
systems, etc. 

The electrophotographic photosensitive materials of the present invention have high 
sensitivity and have advantages of very little variation in light voltage and dark voltage in 
repeated charging and exposure. 

Application examples 
Application Example 1 

P-Type copper phthalocyanine (trade name: Lionel Blue NCB Toner, product of Toyo 
Ink Co.) was refluxed with water, elhanol then benzene and filiered to obtain a purified pigment, 
and 7 g of this pigment, 14 g of Polyester Adhesive 49,000 (trade name of Dupont Co., solids 
content: 20%), 35 g of toluene and 35 g of dioxane were mixed and dispersed in a ball mill for 
6 h to obtain a coating solution. 

This coating solution was coated to a thickness of 0.5 pm when dry on an aluminum 
sheet using a Meyer bar to form a charge generation layer. 

Next, 7 g of the above illustrative compound (1) as charge transport materia] and 7 g of 
polycarbonate (trade name: Panlite K-1300, product of Teijin Kasei Co.) were dissolved by 
stirring in a mixture of 35 g of telrahydrofuran and 35 g of chlorobenzene, coated on the above 
charge generation layer using a Meyer bar to form a charge transport layer with a thickness of 
20 pm when dry to obtain an electrophotographic photosensitive material having a two-ply 
photosensitive layer. 

This electrophotographic photosensitive material was subjected to corona discharging of 
-5 kV by a static process using electrostatic copying paper tester Model SP-428 of Kawaguchi 
Denki Co., held in the dark for 1 sec, exposed with 5 lux and measured for charging property. 

For the charging property, the exposure (El/2) needed for reducing the surface potential 
(Vo) and potential (Vi) after stored 1 sec in the dark by was measured. 

For measurement of the variation in light voltage and dark voltage in repealed use, the 
above electrophotographic photosensitive materia] was leaded on the photosensitive drum 
cylinder of a PPC copying machine under the trade name NP-150Z from Canon Co. and used to 
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make 50,000 copies, and the variation in light part voltage (Vl) and dark part voltage (Vd) before 
and after 50,000 copies was measured. 

Similar operation was carried out using the compound shown below instead of the 
Compound Example (1) to obtain comparative sample 1 which was then subjected to similar 
tests. 




Japanese Kokai Patent Application No. Sho 60[ 1 9851-93445 
Riesults are shown below. 




6 9 0 6 8 0 1 .9 

7C06BS 3.6 

wa6:)5ttiB^*(T) 

QSElfcW I V D (-V) 6 9 0 6 7 0 

V L ('V) 13 0 16 0 
Qjtn^il Vi>(-?) 7 0 0 6 0 0 

V t (-V) 14 0.230 

Key: 1 Application Example 1 

2 Comparative Example 1 

3 Initial After 50,000 copies 

The above results show that the electrophotographic photosensitive material of the 
present invention is superior in sensitivity and voltage stability after repeated use compared to 
the comparative sample. 

Application Examples 2-14 

Compound Examples (2), (3), (5), (7), (9), (14), (1-8), (23), (25), (27), (31), (33) and (35) 
were used in place of the charge transport material used in Application Example 1, and the 
pigment shown below was used for the charge seneration material: 

^"'^ ^ 'A 

^HJIOC OH CB BO COKK-© 
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Otherwise, the process of Application Example 1 was repeated to obtain electrophotographic 
photosensitive materials coiresponding to Application Examples 2-14, which were then 
measured for electrophotographic properties. Results arc shown below. 
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Key: 1 Application Example 
2 Compound Examples 
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Key: 1 Application Example 

2 Initial 

3 After 50,000 copies 

A pplication Example 15 

An aluminum cylinder was dip-ccated with a casein-ammonia aqueous solution (casein: 
1 1.2 g, 28% ammonia water: 1 g, water: 222 mL) and dried to form a subbing layer of coating 
weight 1 .0 g/m^. 

^^HKOC OH j,^^. HO C0KH-<2^ 

a 

Next, 1 part by weight of charge generation material having the structure shown above, 
1 part by weight of butyral resin (trade name: S-Lex BM-2, product of Sekisui Kagaku Co.) and 
30 pans by weight of isopropyl alcohol were dispersed in a ball mill for 4 h. This dispersion was 
dip-ccaied on the above subbing layer and dried to form a charge generation liayer with a 
thickness of 0.3 ^m. ' 

Next, 1 part by weight of Compound Example (2) as charge transport material, 1 part by 
weight of polysulfone (trade name: PI 700, Union Carbide Co.) and 6 pans by weight of 
monochlorobenzene were stirred for dissolution. 

The resulting solution was dip ccated on the charge generation layer aiid dried to form a 
charge transport layer with a thickness of 12 pm. 

The resulting photosensitive materia] was subjected to corona discharging of -5 kV. 

The surface potential at this time (initial potential Vq) was measured after being stored 
5 sec in the dark (attenuation). The sensitivity was evaluated by rrjeasuring the dosage necessary 
for attenuating the voltage afier dark decay to Vi (El/2: jJ/cm'). In this measurement, a 
gallium/aJuminum/arsenic tertiary system semiconductor laser (oscillation wavelength: 780 nm) 
was used for the light source. Results are shown. * 

Vo:-690V 



I 
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( — J-^ X 1 0 o) : 9 5 % 

Voltage retention ^ ^ • ^ * 

El/2: 1.9 jJ/cm^ 

Next, the above photosensitive material was set in place of the LBP-CX photosensitive 
member on a laser printer (LBP-CX, produced by Canon) which is an electrophotographic 
system printer of the reverse development system equipped with ihe semiconductor laser as 
described above, and a real image formation test was conducted. 

The conditions are given below. 

Surface potential after primary charging: -700 V, surface potential after image exposure: 
-150 V, transfer potential: +700 V, developer polarity: negative, process speed: 50 mm/sec, 
developing conditions (developing bias): -450 V, image exposure scanning system: image 
scanning, exposure before primary charging: 50 lux-sec. Red color, whole surface exposure 
image formation was conducted by line scanning of the laser beam following the letter signals 
and image signals, whereby good printing was obtained for both letters and images. 

Application Example 16 , 

A mixture of 3 g of 4-{4-dimethylaminophenyl)-2,6-diphenylthiapyryIium perchloraie 
and 5 g of the above Compound Example (7) with 100 mL of a solution of a polyester (Polyester 
Adhesive 49000, produced by Du Pont) in toluene-dioxane (50:50) was dispersed in a ball mill 
for 6 h. The dispersion was applied on an aluminum sheet with a Meyer bar to a film thickness of 
15 Jim after drying. 

The electrophotographic characteristics of the photosensitive material thus prepared were 
measured according to the same method as in Application Example 1. The results are shown 
below. 

Vo: -700 V. V,: -695, El/2: 2.4 lux sec 
Initial stage 

Vd:-695 V,Vl:-]45 V 
After successive copying of 50,000 sheets 

Vd: -680 V,Vl:- 165 V 

Application Example 17 

On an aluminum plaie, an aqueous ammonia soluiion of casein (described above) was 
applied with a Meyer bar and dried lo form a subbing layer with a thickness of 1 pm. 
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Next, 5 g of the diazo pigment having the above structure was dispersed together with a 
solution of 2 g of a butyral resin (butyral formation degree 63 mol%) dissolved in 95 mL of 
ethanol, the dispersion was applied on the subbing layer to form a charge generation layer with a 
film thickness of 0.4 ^m after drying. 

Next, a solution of 5 g of the above Compound Example (34) and 5 g of a 
poIy-4,4':dioxydiphenyl-2,2-propane carbonate (viscosiiy-average molecular weight 30,000). 
dissolved in 150 mL of dichloromethane was coated on the charge generation layer and dried to 
form a charge transport layer with a film thickness of 1 1 jim, thereby preparing an 
electrophotographic photosensitive material. 

The electrophotographic characteristics of the electrophotographic photosensitive 
material thus prepared were measured according ro the same method as in Application Example 
1 . The results are shown below. 

Vo: -700 V, V,: -690, El/2: 2.3 lux sec 
Initial stage After successive copying of 50,000 sheets 

Vd:-690V Vd:-670V 
Vl:-140V Vl:-165V 

Application Example 18 

A surface-cleaned 0.2 mm-thick molybdenum plate (support) was fixed at a 
predetermined posiiion in a glow discharge vapor deposition tank. Next, the lank was internally 
evacuated to a vacuum degree of about 5X10"^ lorr. Then, by elevating the input voltage of the 
healer, the molybdenum support temperature was s'abilized to 150^C Then, hydrogen gas and 
silane gas (15 vol % based on hydrogen gas) were iniroduced into the tank loibe stabilized to 
0.5 torr by controlJing the gas flow rates and the main valve of the vapor deposition tank. 

Next, a high frequency power of 5 MHz was applied to the induction coil lo generate 
glow discharging iniernally of the coil in the lank lo provide an input power of 30 W. Under the 
above conditions, an amorphous silicon film was grown on the substrate and the same conditions 
were maintained until the film thickness became 2 pm, followed by intermission of glow 
discharging. Then, wiih the heating heater and the high frequency power source being turned off, 
and after the substrate lemperature reached ]00^C, outficw valves for hydrogen gas and siJanc 
gas were closed once the pressure in the tank reached 10'^ lorr or less. Then, the pressure was 
returned lo atmospheric and the substrate was taken out. 
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Next, on the amorphous siHcon layer, except for using the Compound Example (16) as 
the charge transporting compound, a charge transport layer was formed in entirely the same 
manner as in Application Example 1 . 

The photosensitive material thus obtained was set in a charging exposure experimental 
device and subjected to corona charging at -6 K V, followed immediately by irradiation of a light 
image. The light image was irradiated through a transmission type test charge by use of a 
tungsten lamp light source. 

Immediately thereafter, positive chargeable developer (containing toner and carrier) was 
cascaded on the surface of the photosensitive material, whereby a good toner image was obtained 
on the surface of the photosensitive material. 

A pplication Example 19 

After 3 g of 4-(4-dimethylaminophenyl)-2,6-diphenylthiapyrylium perchlorate and 3 gof 
po]y(4,4*-isopropyridenedipheny]ene carbonate) were thoroughly dissolved in 200 mL of 
dichloromeihane, 100 mL of toluene were added to precipitate an amorphous complex. The 
precipitate was filiered off and then redissolved with addition of dichloromeihane, followed by 
the addition of 100 mL of n-hexane to the solution to obtain a precipitate of an amorphous 
complex. 

The amorphous complex (5 g) was added lo 95 mL of a methanol solution containing 2 g 
of a polyvinylbutyral and the mixture was dispersed in a ball mill for 6 h. The dispersion was 
applied on an aluminum plate having a casein layer with a Meyer bar to a film thickness of 
0.4 pm after drying to form a charge generation layer. 

Next, a coated layer of a charge transport layer was formed on the charge generation 
layer in entirely the same manner as in Application Example 1 except for using the Compound 
Example (18). 

The electrophotographic characteristics of the photosensitive material thus prepared were 
measured according to the same method as in Application Example 1 . The results are shown 
below. 

Vo: -695 V, V,: -685 V, El/2: 3.4 lux-sec 
Initial stage 

Vd:-690V. Vl:-145 V 
After 50,000 copies 
Vd: -660 V,Vl:. 195 V 
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Application Example 20 

The same eutectic complex as used in Application Example 19 (S g) and 5 g of the above 
Compound Example (25) were added to 150 mL of a tetrahydrofuran solution of a polyester 
(shown above), followed by thorough mixing under stirring. 

The mixture was coated on an aluminum sheet with a Meyer bar to a film thickness of 
15 Rafter drying. 

The electrophotographic characteristics of this photosensitive member were measured 
according to the same method as in Application Example 1. The results are shown below. 

Vo: -700 V. V,: -690 V, El/2: 2.5 lux-sec 
Initial stage 

Vd:-690V,Vl:-140V 
After 50,000 copies 
yD:"675 V,Vl:-150V 

Effects of the invention 

By using certain styrylbenzoxazole or styrylbenzothiazole compounds as charge transport 
materials, the electrophotographic photosensitive materials of the present invention have high 
sensitivity, potential stability, durability and significant effects for use in a wide range of 
applications in the electrophotography field. I 
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